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sI"g"SIS の 成 長 と 成 熟 に つ い て 調 べ た 。 調 査 は 、1975 年4 月 か ら1976 年2 月 に か け て 行
な っ た 。 春 か ら 夏 に か け て 観 察 さ れ る 仔 魚 は ， 翌 年 の 春 ま で 急 速 に 成 長 す る 。 翌 春 満 1 才
で 成 熟 す る が 、 そ の 時 の 平 均 体 長 は 約 5 0 m m で あ る 。 成 熟 卵 を も っ た 雌 は , 2 月 か ら 9 月 の
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成 長 し な い 。 ま た 1 + 魚 で 越 冬 す る 個 体 も わ ず か に 存 在 す る が ， ほ と ん ど の 魚 は 産 卵 後 死
ぬ も の と 考 え ら れ る 。
Thegrowthandmaturityofninespinestickleback.Pungitiussinensis
Guichenot,inhabitingtheKamokawa,astreamletinShokawafanofToyama
Prefecture,werestudiedfromApril1975toFebruary1976.Newlyhatchedfry
whichwasobservedfromspringtosummergrewrapidlyuntilnextspring
whentheyattainedfullmaturity,beingabout50mminlength.Thematuredfish
wasobservedfromFebruarytoSeptemberandthepercentageofthematured
fishwashighestinlateiMay ・Aftermaturinglittlegrowthwasobservedwith
1+fish.Few ・over-winterdspecimensof1+fishwereobserved,soitwas
supposedthatthemostofmaturedfishdidnotsurviveafterbreeding.
Introduction
ussinensisGuichenot,hasTheninespinestickleback ，PungitiussinensisGuichenot,hasarestricteddistribu-
tion,rangingfromthesoutherncoastlineofKamchatkatotheYangtseRiverandthe
JapaneseIslands(Wootton1976).InJapan,thissticklebackisdistributedinthe
prefecturesofHyogo,Kyoto,Fukui,Ishikawa,Toyama,Niigata,Akita,Aomoriand
Hokkaido(Kobayashi1933) ．Inthesouthernregionsofitsdistributionissituated
ToyamaPrefecture,wherethisstudyconducted,Punsi 画 〃ssinensisingeneralinhabits
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thestreamletfedwithsprings,inwhichthenvironmentalfactorsarestable,theaquatic
vegetationgrowsthickandfoodsupplyisabundant.However,atpresent,their
distributionhasbeengraduallyreducedbythedestructionofsuchahabitat,andthe
sticklebackisnowrarelyfoundintwoprefecturesofHyogoandKyoto.
SeveralreportshavebeenpublishedonthecertainaspectsofthelifeofPungitius
sinensis(Kobayashi1933,HiraiandIeyama1974andTanakaandNakada1975),butstill
itisnecessarytomakefurtherinquiringitslifehistoryinthenaturalhabitat.The
presentpaperdescribesthegrowthandmaturityofthisfishintheKamokawa,a
l I l s n e c e s s a r y ［ o m a K e l u r t h 〈
esentpaerdscribestheg
streamletinToyamaPrefecture.
Fig.1 ．Mapshowingthelocationofthe
samplingsiteontheShokawafan.Open
circlesindicatethehabitatofPungi 〃 幽S
sinensisandblackcircleshowsthesampl
ln 貝slte ．
Studyareaandtheenvironment
SamplesofP 〃 〃g 〃iussinensiswere
collectedintheKamokawa,whichisa
waterforirrigationfedwithspring
waters,flowingthroughtheShokawafan
(Fig.1).Thesticklebackwasobserved
throughouttheyearinthisstreamlet.
Thisstreamletisapproximately7m
across ・Thedepth,theflowrateandthe
amountofflowvariedalittlebyopening
andclosingofthefloodgatelocatedsome
distanceabovethesamplingsite.Inthe
timeofclosing,thedepthwasabout
0.5m,theflowrateabout0.33m/secand
theamountofflow1.2 ㎡/sec.Thewater
temperaturefluctuatedbetween10 ℃anC
18 ℃andthepHwasbetween5.8and7.1
throughoutthesurvey(Fig.2).The
substratumofthestreamletconsistedof
sandymudorcompactedgravel.
Inthisstreamlet,theaquaticrootedvegetationsuchasR α 〃 〃 〃cuiusaa 〃 α 〃 〃s ，
Spa γg α 〃j 邸 加 γ α 瓶oson.Potamogetoncrispus.Oe" α 池/iestolo 〃 〃97 α,Polygo 〃 況 加 〃z""gI
and 〃 αSt 〃 γ 〃 〃"toffie 加 α/egrewthickatanytimeoftheyear.Thefishsuchas
Onco γﾉzynchus'" αsou,PﾉzoX 加"sﾉouyi.Misg" γ" 〃s α"g"" 〃c α 〃datus,Cobitisbii" αg ，
C/2 αenogobius 〃 γ “ αg" α,cﾉZaenogobiuscastaeniaandEntospﾉxenusreissneriinhabited
it.
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Fig.2.MonthlychangesofthetemperatureandpHintheKamokawa.A 、T.
andW.T.indicatetheairandwatertemperaturerespectively.
MaterialsandMethods
ThecollectionofsampleswasmadealmostonceamonthfromearlyApril,19751hecollectionot ampleswa mad lmost nceamonthtromearlyApril,ly/tito
lateFebruary,1976.100-150fishesperonesurveywerecaughtwithahandnetof3iiiiii
meshes･Thesecatchesmightbeconsideredrandomsamplesofthefishpopulation ．And
thespecimenscollectedwereplacedatoncein10%folmalin.
Theageofthefishwasdeterminedbythelengthfrequencyofcatchesatsuccessive
months,andinsomesamples,itwascomparedwiththeagedeterminedbythemethod
usingtheotolithdescribedinJonesandHynes(1950).
Afterstandardlength(fromthesnouttothebaseofthetail)andbodyweightwere
measured,thegonadswereremovedandweighed.Andthesexandthematurationstage
ofovarythenwerenoted.Theovariesweredividedintothreegradesofmaturitywith
visualinspectionasfollows;theimmaturestageeggsweresemitransparentand
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lessthan0.3ramindiameter,thematuringstageeggswerewhiteincolorand
between0.3and1.0ramindiameter,thefullymaturestageeggswereyellowish
brownincolorandmorethanI ・0mmindiamater.Thelargesteggwas1.8mmindiameter.
Results
1.Seasonalgrowth
ThedistributionsofstandardlengthofP 脚 〃g 〃 畑ssinensismonthlycollectedbythe
handnetintheKamokawaareillustratedinFig ．3.Asisevidentfromthefigure,the
smallsticklebacklessthan15mmwasnotcontainedinthesamplesbecauseofthemesh
selectionofthehandnet.ThepopulationofthesticklebackinAprilconsistedoflarge
individualsmorethan35mmandinMay,asmallnumberofsmall-sizedfisheslessthan
20mmwereincludedinthesample.Thesesmallfishesgraduallyincreasedinnumberand
grewinsizemonthbymonth･Incontrasttothis,thelargefishesinthepopulationrela-
tivelydecreasedinnumberanddisappearedinNovember.Thereforeitisclearthatthe
fishesborninthepreviousyearspawnfromearlyspringtosummer,andthenthenewly
hatchedfryenterthepopulationduringthisperiod.
Thus,atleasttwoage-classesofP 〃 〃g 〃 蚊ssinensisborninthepreviousandthe
presentyearsoccurredfromMaytoSeptember,whichwasrepresentedasthebimodal
distributioninthelengthfrequencies,whilethelengthfrequenciesintheothermonths
hadonlyonemode.Thisobservationwassupportedbythedeterminationoftheagefrom
theotolithsforthespecimensinJunewhoselengthfrequencywasclearlythebimodal
distribution.Eachdistributionofthebimodallengthfrequencycorrespondedtothe0-
yearoldand1-yearoldrespectively,thoughaverysmallnumperof2-yearoldfish
werecontainedinthespecimens.Itseemed,therefore,allrighttoestimatetheagewith
lengthfrequency ・Thelengthfrequenciesofeachmonthfittedwellonenormal
distributioncurveoranotherbythemethodofCassie(1954)usingprobabilitypaper.
TheresultsarealsoshowninFig.3.
Thestandardlengthofmodeoftheestimatednormaldistributionofeachmonthwas
plottedinFig.4.ThiscurveshowstheaverageseasonalgowthofPungi 〃 〃ssinensisin
theKamokawa.Table1showstheinstantaneousgrowthrate･Itwascalculatedfromthe
modeofnormaldistributionsofeachmonthanddefinedasG=lOOdogL,-logLj/t,-t,.
Table1.Seasonalchangeofinstantaneousgrowthratecalculatedfromthe
0+fishofP 〃 〃91 〃HSSI 〃 〃isisintheKamokawa,astreamlet.
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whereL,andL,arestandardlengthatthetimeofUandt,.Itisobviousfromthisdata
thatthe0-yearoldfishgrowsfasterinthewarmseasonand,thoughthegrowthrate
decreasestemporalilyinfall,continuouslygrowsthroughouttheyear.Thereasonwhy
thegrowthseemedtoretardinfallmightbeduetotheerrorinagedeterminationbythe
lengthfrequency,becausethepopulationsinOctoberandNovemberwereestimatedas
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Fig ．3 ．Lengthfrequencydistributionofcatchesot ノ ノz 〃zgIn 座ss 〃z2 〃s1sl 寵
KamokawafromApril1975toFebruary1976.Eachfrequencyisfitted
normaldistributioncurveusingthemethodofCASSIE(1953).
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Fig.4.SeasonalgrowthcurveofPungitiussJ 〃ensisintheKamokawa
estimatedfromthesuccessivechangeoflengthfrequencies.
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oneage-classof0+yearfish,thoughtheypracticallyconsistedtwoage-classes･Inthe
nextspringwhenthefishreached1-yearold,thegrowthstopped,andafterthatthey
neverresumedtogrowinsize.
2.Length-weightrelationship
Basedonthespecimenscollectedduringthesummermonths,thelogarithms
ofbodyweightareplotedagainsthelogarithmsofstandardlength(Fig,5).Asisen
fromthefigure,oneregressionisapplicableforthedata.Theregressionequation
iscalculatedbythemethodofleastsquares.
W = 0 ． 0 1 2 1 L ' " =
whereWisweight(g)andLisstandardlength(cm).Inthisformulatherangeof95%
confidenceoftheslopewas3.045 ±0.064.
3.Maturity
Aswasstatedearlier,P 〃 〃g 〃 畝ssinensisgrowsrapidlyafterhatchingupto
thenextspringwhenitstartsbreeding.Inbreedingseason,theadultmalestickle-
backassumesthenuptialcolorationandisabsorbedinestablishinganddefensingthe
territory,buildingthenestintheterritory,leadingthefemaletothenestforspawning
andprotectingtheeggsandnewlyhatchedfryfromenemies.Theswellingabdomenof
thefemaleisconspicuousaseggsripe.ThefishbeginstoreproduceinFebruary
andthereproductioncontinuesthroughsummermonths.
Tosubstantiatetheaboveremarks,theprocessofdevelopmentofthegonads
removedfromthefishestakeneachmonthwasobserved ・Theresultswereasfollows;
Astofishesbelow30mminlength,theexistenceofovarywasbarelyconfirmedand
thetestiswasunnoticed.
Astofishesbetween30mmand40mminlength,theovaryreachedone-thirdofthe
lengthofthebodycavitybuttheoocyteswerestillundeveloped.Thetestiswasthinand
cord-likeshape,andreachedalmostaslongasthebodycavity.
Astofishesabove40mminlength,theovaryreachedaslongasthebodycavity,but
notenlargedexceptthespawningseason･Theoocyteswereusuallyimmaturebutbecame
matureabruptlyinthespawningseason.Thetestiswaswell-developed.
TheobservationshowstheP Ⅸ 〃9 吋 畑ssinensisbecomesmatureat40mminlength.
Itmaybeconsideredthatthislengthistheminimumsizeformaturity･Fig.6shows
theseasonalfluctuationinthepercentageofthefemalesticklebackwhichhadthema
turedeggstoallthefemalefishesabove40mminlength.Thesexuallymaturedfishes
wereobservedinthemonthsbetweenFebruaryandSeptember,thoughthefishesabove
40mminlengthwerecaughtintheKamokawathroughouttheyear.InFebruary,thefish
whichcontainedmaturedeggswasstillthelowpercentageof4butrapidlyincreased
monthbymonth ・Thepercentageofthefullymaturedfishesattainedthemaximumin
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Fig.6.Seasonalchangeofthepercentageoffemalewiththefullymatureeggs.
lateMayandthenabruptlydecreased.InAugustthefullymaturedfishwasbelow1%and
disappearedinOctober.Thatistosay,thefishesatage0+hadtheeggsofimmature
conditionuntilDecember.InJanuarynextyear,theeggsofmaturingconditionwere
observedinthefishesmorethan40mminlength,andtheninFebruary,somefishes
withtheeggsoffullymatureconditionappeared.
Thefecunditywhichisdecidedbythenumberofmaturedeggsintheovaryis
monthlyplottedinFig,7 ．ThemaximumfecunditywasobservedinthesampleofApril
26,1975,whichhad232eggs.
Fromthefactsmentionedabove,itseemsthatpartofthefishbegintospawnin
February,Thispresumptionwassupportedbytheobservationthatthemalestickleback
rearedinaquariumwithconstantenvironmentalfactorsdisplayedthenestbuilding
behaviorinFebruary,Thisisalsodemonstratedbytheseasonalfluctuationofthegonad
indexshowninFig.8.Theweightoftheovariesremarkablyfluctuatedthroughoutthe
yearandattainedthemaximuminMayorJune.Ontheotherhand,thetestisweighedso
lightthatlittlefluctuationwasobserved.
Thegonadwiththeclosedoocytes,whichindicatethefinishofspawning,was
observedinJuneforthefirsttimeandafterthattimetheseoocytesincreasedmonthby
month ・InOctober,asonlythefishwiththeeggsofimmatureconditionwerefoundin
thesampleandthefishwithclosedoocyteswerenotobserved,thewholepopulationof
P 〃 刀9 吋iussinensismusthaveconsistedofimmaturefish.
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Fig.8 ．Seasonalchangesofgonadmdexinfemale （ ○ ）andmale （ ● ）ofPz"29i 〃 峠
sinensiscollectedintheKamokawa ・Verticallinesindicate95%confidencelimitsof
themeans.
Discussion
P 〃7Igin 邸sinesi,closelyrelatedtoP 脚 〃gitus ， 〃7igtiuswhichiswidelydistri
dinthenorthernpartsofthenorthernhemisphere,hasanarrowdistribution,ocbuted
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curinginfreshwatersofthefareastregion.AlthoughthelifehistoryofP 〃 〃g 肱 加s
P 〃 〃gi 〃 〃slivinginEuropeandNorthAmericahasbeenstudiedbyvariousauthorsas
wellastheirmorphologyandbehavior(Wootton1976),fewstudieshavebeenpublished
onthelifehistoryofP 〃 〃gi 〃Mssinensis,exceptKoBAYASHl(1933),whodiscribedthe
generalecologyofP 〃 〃gi 〃 〃ssinensisf. た α 心 α γ αelivinginKyoto･However,KoBAYASHi
notedalmostnothingaboutthegrowthofthefish,andtherelationshipbetweengrowth
andmaturity.
WeobservedthattheP 〃 〃gi 〃 〃ssinensispopulationsampledintheKamokawa
consistedoftwoage-classesinthemonthsofsummerandfall;theyoungoftheyear(0+
)andthefishborninthepreviousyear(1+),thoughaverysmallnumberofanolder
fishmighthavebeencontained.Ontheotherhand,someauthorsreportedtheinstances
ofPungi 〃 〃spungitiusthreeyearsandoverinthenorthernpartsofitsdistribution
(JoNESandHynes1950,Cameronetal ・1973andGRISWOLDandSmith1973),Itwas
supposedthatthelifespanofPungi 〃 〃ssinensiswasobviouslyshorterthanthatof
P 〃 〃g 〃iuspungi 〃Hs.thoughthefactorthatcausedthisdiscrepancyhasremained
unknown.However,thisisprobablecausedbythedifferencesoftheconditionsoflife
liketheenvironmentalfactors.
Atthebeginningoftheirsecondyearoflife,P 〃 〃g 肱 加ssinensishadameanlengthof
approximately50mmandarrivedatmaturity.Itwassuggestedthatthegreaterpartof1-i-
fishreproducedinthewarmseasonandmightdieafterbreeding,Kobayashi(1933),
workingontheP 〃 〃g 〃 畑ssinensisf. た α 心 α γ αe,alsostatedthesimilarobservations･But
notallof1-1-fishmightdieafterbreeding.Itwasestimatedfromtheanalysisofthe
otoliththatapartof1+fishsurvivedoverthecoldseasonandasmallnumberof2-)-
fishstayedinthewarmseason･Thispercentagewasnotdecidedbecausetheannualring
seenontheotolithwasobscure,owingtotheirfavorableandstableconditionofthe
habitatsuchasrelativelyconstantwatertemperaturebetween9 ℃and18 ℃andan
abundantfoodsupplythroughouttheyear.
BreedingintheKamokawatookplacebetweenFebruaryandSeptembersothatthe
youngwerepresentinsamplestakenbetweenMayandNovember･Theygrewrapidly
untilnextspring.TheirinitialgrowthratewasgreaterthanthatofPungi 画 ⅨsP 〃 〃g 〃 皿s
observedintheRiverBirket(JonesandHynes1950)andinLakeIkroavik,anarcticlake
(Cameronetal.1973)andthesameasthatofPungi 〃 〃spungitiusinLakeSuperiole
(GriswoldandSmith1973).ThephenomenonobservedintheKamokawathatthefish
stoppedgrowingintheirsecondyearofliferesembledtotheBirketsticklebackbut
differedfromthefishofLakeIkroavikandLakeSuperiole,whichcontinuedtogrowall
throughtheirlife.ItwasconsideredthatthisceaseofgrowthoftheKamokawastickle-
backwasbroughtaboutbysexualmaturityandthespawning.
Alm(1959)suggestedwithhissuccessiveexperimentsthatsexualmaturitycausednot
byagebutthegrowthofthefishreachingcertainsize.NiKOLSKii(1963)statedthatafish
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spentmostoftheenergytakenfromthefoodforgrowthuntilthefisharrivedat
maturitybutforproductionofeggsorspermsandspawningafterreachingmaturity.
SincePungi 〃 〃ssinensisinhabitingtheKamokawabecamematureabout40mminlength
andthegreateramountoffishgrewabout40mmattheendoftheirfirstyearoflife,it
wassupposedthatthefirstbreedingtookplaceintheirsecondyear.Therefore,the
growthintheirsecondyearwaslittleiftherewasanyandmostofthemdiedafter
severaltimesofspawning.Wedonotknow,however,whetherornotasmallnumberof
fishsurvivedintotheirthirdyearoflifeandbredintheirthirdyear.
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